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Introduction
From 1960 to 1991 mortality from diseases of the circulatory system in Poland was high and increasing. Death certification rates for this group of causes rose by about 70% in men and 15% in women, and in both sexes mortality from ischaemic heart disease roughly doubled. [1] [2] [3] [4] Since 1991, however, the fall in death certification rates for ischaemic heart disease seems to have been larger than that previously observed in any country in peacetime. This sharp change in trend suggests a curtailment of the final, fatal steps of the disease in people with advanced coronary atherosclerosis.
The unplanned natural experiments taking place in Poland and neighbouring countries in association with the unusually rapid political and economic transformations that began in the late 1980s may elucidate why mortality from ischaemic heart disease varies more between populations and over time than has previously been accounted for by the classic risk factors. 5 Analyses in populations may yield such leads, notwithstanding the difficulties they face in taking adequate account of concurrent changes in confounders. 6 Such analyses may point to widely shared influences on disease incidence, especially those acting late in the disease process. 7 We considered the possible roles of concomitant changes in the availability of foods and alcohol, smoking prevalence, socioeconomic indices, and medical care in explaining the recent decline in mortality from ischaemic heart disease in Poland.
Subjects and methods
Mortality data are from the Polish system of vital statistics and the mortality data bank of the World Health Organisation in Geneva. There were no significant inconsistencies between the two data sets.
National death certification rates were examined for five year age groups between 35 and >85 for 1970-94. Rates for ages 45-64 were standardised by five year age groups using weights of 6, 5, 4, and 4 respectively. 8 To minimise the effects of short term perturbations in rates around 1989-91, the subsequent changes in rates were measured as the percentage deviations in the reported rates for 1994 from rates predicted for 1994 by extrapolating the linear trends for 1980-91 (after confirming the goodness of a linear fit). Categories of primary interest were all diseases of the circulatory system (codes 390-459 of the ninth revision of the international classification of diseases (ICD-9)), all non-rheumatic heart disease plus hypertension (400-405, 410-429), ischaemic heart disease (410-414), hypertensive disease (400-405), atherosclerosis and diseases of the arteries (440-448), cerebrovascular disease (430-438), and other circulatory diseases (390-398, 441-459). Deaths from influenza and pneumonia (480-487) were checked to see whether they contributed to short term fluctuations.
Available data from national food balance sheets and national household budget surveys were reviewed for salient changes since 1989. Polish food balance sheets have been prepared according to the protocols of the Food and Agriculture Organisation for each of the years under consideration and provide estimates of quantities of foods potentially available for human consumption. 9 Published estimates of the availability of fats, by animal or vegetable source and by saturation class, were used. These estimates were derived using national food composition tables to estimate the average composition of the aggregate categories of foods in the food balance sheets-and then using constant conversion factors throughout the whole period under consideration. 7 Changes inferred from food balance sheets were cross checked with data from the ongoing, standardised, household budget survey.
Data on smoking prevalence were obtained from national smoking surveys, based on probability samples and conducted using unchanging methods by the Department of Epidemiology and Cancer Prevention of the National Cancer Institute, Warsaw. 10 Estimates of alcohol consumption, from the Polish national statistical office, have tried to include the contributions of smuggling and home distilling.
Results
Mortality trends by sex and age group for the categories of circulatory system disease considered were mostly roughly linear during 1980-91. For all diseases of the circulatory system the percentage falls to 1994 relative to the rates predicted by extrapolating the linear trends from 1980 to 1991 were similar in men and women, greatest at ages 35-60 (when they exceeded 20% in several age-sex categories), and more modest above age 70 (mostly below 10%). (For the five year age groups between 40 and 69 all but one of the sex specific slopes were significantly different from zero.) The change in trend occurred consistently after 1991. Table 1 shows age standardised death rates for selected causes for people aged 45-64. In this age group the percentage falls in 1994 were 19% for men and 17% for women for all diseases of the circulatory system, 26% for men and 25% for women for ischaemic heart disease, and 8% for men and 4% for women for stroke. (The slope coefficients were significant (P < 0.05), except for mortality from stroke in women.)
Deaths coded as influenza and pneumonia were relatively constant during the study period (data not shown). Death certification rates for lung cancer plateaued for middle aged men in the late 1980s and for women in the early 1990s (table 2) . Table 2 and the figure show data on diet, smoking, and alcohol consumption. The most striking change was the switch from animal to vegetable fats. The estimated ratio of polyunsaturated to saturated fat, below 0.35 during the 1980s, was 0.49 by 1994. Estimated household availability of exotic fruit-for example, imported citrus fruits and bananas-doubled from 1991. Trends evident in the household budget surveys accorded with those shown by the food balance sheets. Alcohol consumption rose sharply (perhaps by 30-40%) immediately after the political changes and subsequently declined. 
Discussion
Polish mortality statistics cover all Polish nationals irrespective of where they die. 13 The recording of deaths occurring within Poland has remained almost complete during the transition period. 11 Any bias from underreporting of deaths of people temporarily abroad would have been maximal during 1989-91 and could not account for progressive falls after 1991. There is no evidence that the denominator was progressively inflated after 1991. 14 Changes in certifying and coding practices could not explain the fall in mortality from diseases of the circulatory system because there is no other major category to which so many deaths could have been transferred (and neither is there suggestive evidence). Polish certification and coding practices have differed from those in the West. 15 A larger proportion of deaths has been attributed to hypertensive disease in Poland than elsewhere-in many cases because it is recorded as the underlying cause when elsewhere this would be recorded as stroke. Similarly, a larger proportion of deaths has been attributed to atherosclerosis and arterial diseases-in many cases where the death would elsewhere be attributed to ischaemic heart disease. (This pattern of attribution has also been shown for the former German Democratic Republic. 16 ) Death certification rates for both hypertensive disease and stroke have shown modest changes in parallel since 1991, while rates for atherosclerosis and arterial disease have fallen in parallel with those for ischaemic heart disease. The relative changes in attributed cause cannot be due to a convergence towards Western practice because such a convergence would have increased the proportion of circulatory deaths assigned to ischaemic heart disease. The decline in mortality from ischaemic heart disease is therefore unlikely to have been exaggerated by information error.
Magnitude of change
For men aged 45-64 the proportional reduction in 1994 was 26% when calculated as a departure from the trend during 1980-91, 20% when compared with the peak year of 1991, and 16% when 1994 was compared (more conservatively) with the three years before that peak year. For women the corresponding figures were 25%, 16%, and 16%.
This decline is apparently without precedent in peacetime. During the second world war mortality from circulatory diseases in German occupied Norway fell by around 20% within 2-3 years. 17 This accompanied dramatic enforced dietary changes-notably, a radical decrease in the consumption of meat, whole milk, cream, cheese, eggs, and margarine and a considerable increase in the consumption of fish and fresh vegetables. 18 During the late 1960s and 1970s the trend in male mortality from ischaemic heart disease changed sharply in several Western countries, including Australia, New Zealand, the United States, Finland, Mortality ratios for ischaemic heart disease plus atherosclerosis and arterial diseases, with estimates of butter and vegetable fats and oils (kg/person/year) 7 and of exotic fruits (kg/person/quarter) 12 available for consumption by quarter from 1970 to 1994. Data for years are plotted to mid-year and for quarters to mid-quarter. Mortality ratios are age standardised and Belgium. In Australia-where the change in trend was perhaps the sharpest-male mortality at ages 45 to 64 fell about 12% below its previous trend in the third year after it peaked, 19 which is well below the corresponding figure in Poland.
Possible causes
Neither access to medical services nor their effectiveness has obviously improved since 1989. The health service budget did not increase after 1989, 20 and annual state expenditure per person is currently about $130 (£81). 21 Access to modern medical technology is limited: fewer than 60 percutaneous transluminal coronary angioplasties are performed per million population annually compared with 900 in Western Europe and 1300 in the United States. 21 Sudden reductions in deaths from ischaemic heart disease that cannot be explained by changes in medical care suggest sudden beneficial effects on later stages of the underlying disease processes. What else could have caused such an effect?
Smoking is an important determinant of circulatory disease. Lung cancer peaked earlier in Poland than in former socialist countries further south, where death certification rates for circulatory disease in men either declined a little (Hungary) or continued to rise (Romania and Bulgaria) (World Health Organisation, unpublished data). However, the sharpness of the change in mortality from ischaemic heart disease and its consistency by age and sex all count against a dominant role for reduced exposure to tobacco.
We found no evidence of a progressive increase in the proportion of people gaining protection against ischaemic heart disease by consuming an average of two or more alcoholic drinks per day. 22 The recent transition period has probably not led to reduced stress. Despite the rapid recovery of economic output, 23 unemployment remained at around 15% of the workforce, 24 in contrast to the preceding era of state assured job security. Between 1989 and 1994 suicide rates increased by about 25% in men and 10% in women and homicide increased by over 50%. 25 26 Among documented dietary trends the only plausible candidates we found to explain the fall in deaths from ischaemic heart disease were changes in types of fat consumed and increased supplies of fresh foods.
Consumption of fresh fruit and vegetables has been associated with reduced risk of circulatory disease, 27 but the association is generally stronger for stroke than for ischaemic heart disease (contrary to the observed change in Poland). Although low consumption of vitamin C in winter and excess mortality from circulatory causes in winter has a close temporal association, 28 changes in excess winter mortality were not a distinctive component of the decline in mortality in Poland. Furthermore, since total fruit and vegetable consumption doubled between 1989 and 1992 in the former German Democratic Republic, 29 any quick acting benefit should have caused a greater decline in mortality from circulatory diseases than was observed (unpublished data).
14 However, given that the supply of fresh fruit and vegetables in winter and spring constituted perhaps the strongest dietary contrast between eastern and western Europe before 1989, a reduction in that difference should remain a candidate to explain any observed convergence in mortality from circulatory causes. 30 The change in fat consumption has been a consequence of market conditions. General purchasing power fell after 1989, and the withdrawal of large consumer subsidies, especially for foods of animal origin, reduced purchasing power for those foods sharply. 31 The consequent shifts in demand towards vegetable fats were exploited vigorously-for example, by margarine manufacturers. These margarines were produced with new technology and had low contents of trans fatty acid (K Krygier, personal communication).
Although dietary estimates from food balance sheets are poor measures of absolute consumption, any changes in trend cannot be attributed either to random error or to constant bias. Such changes must reflect either a true change or a new and constantly increasing bias. The latter is an unlikely consequence of administrative disruption, and data collection and processing have not changed in a way that increases bias. Data from the independent household budget survey showed a pattern of change for the major dietary sources of fat consistent with that inferred from the food balance sheets. 32 This was also shown in the Krakow cohort of the MONICA (monitoring trends and determinants in cardiovascular disease) study (A Gilis-Januszewsk et al, European regional meeting of the International Epidemiological Association, Munster, September 1997). The procedures used for both the food balance sheets and the household budget surveys have remained consistent through the transition period (W Sekula, personal communication).
If a switch from animal to vegetable fats has contributed to the fall in deaths from ischaemic heart disease it does not seem to have acted through reducing cholesterol concentrations. 33 Such concentrations have not been high in Poland, and neither of the cohorts in the international MONICA programme (Warsaw and Krakow) showed much change in the 10 years to 1993 (A Pajak, personal communication). 34 Could changes in type of dietary fat produce benefits by other pathways? Two trials in subjects at high risk because of previous heart attacks have shown Key messages + Among former socialist countries Poland has undergone unusually rapid social and economic changes since 1988-9, including aspects of diet + Mortality from heart disease declined sharply during 1991-4 after long term increases; mortality from stroke declined less strongly + This study investigated what has changed in Poland to reduce the risks of fatal events in people with established ischaemic heart disease + Candidate dietary explanations were the substitution of unsaturated for saturated fats and increased consumption of fresh fruit and vegetables this to be so. 35 36 Influences on late stage coronary artery disease-for example, by stabilising plaque-on blood coagulability, and on myocardial susceptibility to arrhythmia induced by hypoxia 37 38 could all contribute to these benefits. Death is more likely to be averted quickly through effects on blood coagulability and on myocardial susceptibility, each of which is quickly affected by dietary change.
There is much still to be explained about why death rates from circulatory diseases vary between populations and over time. After two decades in which mortality rates from circulatory diseases were comparatively stable in women and stable or rising in men in all countries of central and eastern Europe, trends in mortality from these diseases are contrasting in the 1990s. The most recent data show that death rates from ischaemic heart disease in Poland have declined further, albeit less sharply than during 1991-4, and that a decline of almost equal magnitude (though contrasting less with the previous trend) has occurred in the Czech Republic. 39 Meanwhile, in Hungary, Romania, and Bulgaria there has been little apparent decline. 40 The scientific opportunities that this heterogeneity of experience presents, particularly to explore effects of dietary changes, should not be missed.
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